Abstract. Sann-Joong-Kuey-Jian-Tang (SJKJT), a Traditional Chinese Medicinal prescription, has been used for the treatment of lymphadenopathy and solid tumors, and has shown therapeutic potential in a number of human malignant tumor cell lines, such as Hep-G2 hepatocellular carcinoma cells. Previous mechanistic studies demonstrated that SJKJT inhibited the proliferation of BxPC-3 pancreatic carcinoma cells through the extrinsic and intrinsic apoptotic pathways in vitro. SJKJT was also shown to be cytotoxic to colo 205 colon cancer cells by inducing autophagy in vitro. The present study therefore investigated molecular mechanisms of autophagy in human BxPC-3 pancreatic cancer cells treated with SJKJT. The cytotoxic effects of SJKJT on BxPC-3 human pancreatic carcinoma cells were evaluated using an MTT assay. Furthermore, the expression of autophagy-associated proteins, including mammalian target of rapamycin (mTOR), beclin-1, autophagocytosis-associated protein (Atg)3, Atg7, Atg5-Atg12 and microtubule-associated protein II light chain 3 (LC3-II), was assessed using western blot analysis. The results demonstrated that BxPC-3 cells treated with SJKJT exhibited decreased expression levels of mTOR and increased expression of LC3-II protein. In addition, the expression of the beclin-1, Atg3, Atg7 and Atg5-Atg12 proteins was increased during the first 24 h, but decreased from 48 to 72 h. The results showed that SJKJT inhibited the proliferation of human BxPC-3 pancreatic cancer cells in vitro. A possible underlying molecular mechanism may be the induction of autophagy. Further investigation into the therapeutic potential of SJKJT in human pancreatic cancer is required.
Introduction
Sann-Joong-Kuey-Jian-Tang (SJKJT), a Traditional Chinese Medicinal preparation, has been prescribed as a complementary medicine for patients with solid tumors in Taiwan. It consists of 17 species of medicinal herbs: Curcuma aeruginosa Roxb., Laminaria japonica Aresch, Bupleurum scorzoneri folium Willd (Bupleurum chinense DC), Coptis chinensis Franch, Paeonia lactif lora Pall, Pueraria lobata Ohwi, Trichosanthes cucumeroides Maxim, Phellodendron amurense Rupr., Glycyrrhiza uralensis Fisch, Sparganium stoloniferum Buch., Anemarrhena asphodeloides Bunge, Angelica sinensis Diels, Cimicifuga heracleifolia Komar, Scutellaria baicalensis Georgi, Gentiana scabra Bunge, Platycodon grandiflorus and Forsythia suspensa Vahl. It has been shown that SJKJT does not exert significant toxic effects on certain types of normal cells (1) . A previous study by our group demonstrated that SJKJT increased the protein expression levels of tumor necrosis factor-α (TNF-α), caspase-8 and caspase-3 in colo 205 colon cancer cells, thereby inducing apoptosis in vivo and in vitro (2) . It was also shown that SJKJT inhibited the proliferation of Hep-G2 hepatocellular carcinoma cells by increasing the expression of TNF-α, caspase-8, caspase-3 and B-cell lymphoma 2 (Bcl-2)-associated X (Bax) and decreasing that of translationally controlled tumor protein (TCTP) and myeloid cell leukemia 1 protein (Mcl-1) in vitro (3) . Delayed diagnosis and a poor response to current forms of chemotherapy render pancreatic cancer a challenging malignancy to treat and the fourth leading cause of cancer-associated mortality in the USA (4, 5 (8) .
SJKJT is a potential chemotherapeutic agent for use in pancreatic cancer. The anticancer effects of SJKJT on human pancreatic cancer have not yet been fully elucidated, and therefore, further studies are required to investigate the mechanisms of action underlying its effects. Autophagy, derived from auto (self) and phagy (to eat), refers to self-digestion as a means of providing an alternative energy source. When cellular stress leads to continuous or excessive induction of autophagy, cell death may ensue. Thus, cell survival or cell death depends on the duration and severity of the insult (9) . It has been shown that autophagy is activated in pancreatic cancer cells and is correlated with a poor patient outcome (10) . It has also been demonstrated that pancreatic cancer requires autophagy for tumor growth (11) . Previous studies have shown that SJKJT inhibits the proliferation of human colo 205 colon cancer cells by increasing the expression of the microtubule-associated protein II light chain 3 (LC3-II) protein in vitro (12) . The present study focused on the mechanisms underlying the induction of autophagy by SJKJT in human BxPC-3 pancreatic cancer cells. Cell culture. The BxPC-3 cells were maintained in RPMI-1640 medium containing 10% FBS, 1% penicillin/streptomycin (10,000 U/ml penicillin, 10 mg/ml streptomycin) at 37˚C in a humidified atmosphere containing 5% CO 2 . cells were measured at 590 nm using a microplate reader. The relative percentage of cell viability was calculated by dividing the absorbance of treated cells by that of the control in each experiment using the following formula: Proliferation rate (%)=(OD test -OD blank )x100, where OD test and OD blank are the optical density of the test substances and the blank control, respectively.
Materials and methods

Cells
Cytotoxicity of SJKJT in
Western blot analysis. The effects of SJKJT on the protein expression of mTOR, beclin-1, Atg7, Atg3, Atg5-12 and LC3-II in BxPC-3 cells were assessed using western blot analysis. BxPC-3 cells were treated with various concentrations (0, 0.3, 0.6 and 1.2 mg/ml) of SJKJT for 48 or 72 h and the protein levels of mTOR, beclin-1, Atg7, Atg3, Atg5-12 and LC3-II were evaluated. BxPC-3 cells were also treated with SJKJT (0.6 mg/ml) for different durations (0, 12, 24, 36, 48 and 72 h) and the protein levels of mTOR, beclin-1, Atg7, Atg3, Atg5-12 and LC3-II were evaluated by western blot analysis.
Following treatment with SJKJT, cells were lysed in ice-cold whole cell extract buffer containing protease inhibitors (BioVision, Inc., Milpitas, CA, USA). The lysate was agitated for 30 min at 4˚C and centrifuged at 7,267 x g for 10 min. Protein concentration was measured using a bicinchoninic acid protein assay kit (Pierce Biotechnology, Inc., Rockford, IL, USA). Equal quantities of protein were subjected to electrophoresis using 12% SDS-PAGE. To ensure equal protein loading and transfer, proteins were then transferred onto polyvinylidene difluoride membranes and the membranes were blocked overnight at 4˚C using blocking buffer (5% non-fat dried milk in solution containing 50 mM Tris/HCl, pH 8.0; 2 mM CaCl 2 ; 80 mM sodium chloride; 0.05% Tween 20; and 0.02% sodium azide). Membranes were then incubated for 2 h at 25˚C with the primary antibodies listed above, followed by anti-rabbit or anti-mouse immunoglobulin G-horseradish peroxidase-conjugated secondary antibodies. The membranes were washed three times for 10 min with washing solution. Finally, the protein bands were visualized on an X-ray film using the K-12045-D50 WesternBright™ enhanced chemiluminescence kit (Advansta, Inc., Menlo Park, CA, USA) and quantified using Image J software, version 1.44 (National Institute of Health, Bethesda, MD, USA) The reference proteins GAPDH and β-actin were used as internal control. (Fig. 1) . The results demonstrated that SJKJT inhibited the proliferation of human pancreatic cancer BxPC-3 cells in a time-and dose-dependent manner.
Results
Cytotoxicity of SJKJT to
Expression of mTOR, beclin-1, Atg7, Atg3, Atg5-12 and LC3-II proteins in BxPC-3 cells treated with SJKJT. BxPC-3 cells were treated with various concentrations (0, 0.3, 0.6 and 1.2 mg/ml) of SJKJT for 48 or 72 h and the expression of beclin-1, Atg7, Atg3, Atg5-12 and LC3-II proteins was evaluated using western blot analysis. The results showed that when BxPC-3 cells were treated with various concentrations of SJKJT for 48 or 72 h, the expression levels of the mTOR (Fig. 2) , beclin-1 (Fig. 3) , Atg7 (Fig. 4A), Atg3 (Fig. 4B ) and Atg5-12 ( Fig. 4C) proteins were decreased.
BxPC-3 cells were also treated with SJKJT (0.6 mg/ml) for different durations (0, 12, 24, 36, 48 and 72 h) and the expression levels of mTOR, beclin-1, Atg7, Atg3, Atg5-12 and LC3-II proteins were evaluated by western blotting. The results obtained using different reference proteins (GAPDH 
Discussion
Autophagy is one of forms of programmed cell death (type II cell death) (13) . LC3-II levels may be used as a marker of autophagy and monitored using western blot analysis (14) (15) . When cellular stress leads to a continuous or excessive induction of autophagy, cell death may ensue (9) . It has been shown that autophagy is activated in pancreatic cancer cells and is correlated with poor patient outcome (10). Yang et al (11) also demonstrated that pancreatic cancers require autophagy for tumor growth. The results of the present study showed that SJKJT inhibited the proliferation of BxPC-3 cells in a time-and dose-dependent manner in vitro. The results also demonstrated that when BxPC-3 cells were treated with various concentrations of SJKJT for 48 or 72 h, the expression levels of the mTOR protein were decreased. When BxPC-3 cells were treated with SJKJT for varying durations, the expression of the LC3-II protein was increased in a time-and dose-dependent manner. Autophagy has been proposed as a novel target for anticancer therapy (16) . A possible molecular mechanism underlying the inhibition of BxPC-3 human pancreatic cancer cells by SJKJT may proceed via reduction in the expression of mTOR, thereby leading to activation of autophagy in vitro. To the best of our knowledge, the present study was the first to demonstrate that SJKJT decreased the protein expression of mTOR but increased that of LC3-II, which was associated with the inhibition of BxPC-3 human pancreatic carcinoma cells. The therapeutic potential of SJKJT in human pancreatic cancer requires further investigation.
